densely setose; subsp. racemosa (sibthorpiana): calyx 7-9 mm, usually sparsely setose) (Coode and Cullen, 1967; Vural and Dönmez, 2002) . Therefore, seed and pollen grains were analyzed micromorphologically to test if their characteristics can be used for the identification of these taxa.
Previous studies revealed that micromorphological characters of seed and pollen grains can provide good diagnostic features in these taxa (Yıldız 1996 (Yıldız , 2001 (Yıldız , 2002 (Yıldız , 2006 Yıldız et al., 2010 Yıldız et al., , 2011 . In this study we aim to discuss the status of the studied taxa by means of micromorphological characters of seed and pollen grains.
Materials and methods
Plant material for this investigation was collected from natural populations in 2011 and 2012 (Table 1) . Voucher specimens of the samples are deposited at the Herbarium of the Department of Biology, Celal Bayar University.
For SEM, seed and pollen samples were mounted on stubs using double-sided adhesive tape, coated with gold using a Polaron SC7620 sputter, and then examined and photographed with a LEO 440 SEM.
The following morphological characteristics of 30 seeds from each taxon (15 seeds per population, except Silene heldreichii) were studied according to Stearn (1996) Wodehouse (1935) . Examinations were performed using a trinocular Olympus CX21FS1 model light microscope (LM) with 100× oil immersion objective and 10× ocular power. Pollen diameter, exine thickness, pore diameter, interpore distance, microechinae number on operculum, spinule base diameter, the diameter of microperforation, and pore number were measured using the method suggested by Punt et al. (2007) .
The Graphpad Prism for Windows software package (ver. 7.00) was used for statistical analyses. Analysis of variance (one-way ANOVA) was used to determine the significance of the observed differences between taxa in terms of seed and pollen properties (Peichoto et al., 2007) .
Results

Seed morphology
Analysis of seed characteristics showed that seeds were generally reniform (Figures 1 and 2 ). It was observed that only the seeds of Silene behen had an ovate-reniform shape, and they were reniform-orbicular in Silene koycegizensis in the section Behenantha. Silene behen had the greatest seed length (1580 µm) while Silene cariensis subsp. cariensis had the smallest seed length (690 µm). Seed width/length proportions were 1.2-1.6 (Table 2 ). The back surface of the seeds varied between flat and concave and convex. The back surface of S. heldreichii in the section Dichotomae was apparently flat. The remaining taxa varied between flat/concave and convex. Seed tubercle was long/ conical in S. koycegizensis in the section Behenantha, digitate/conical in S. behen, rounded/obtuse in S. euxina in the section Dichotomae, and digitate/conical in all of the remaining members of the section. The hilum zone shape showed different structures in the section Dichotomae, slightly recessed in S. behen in the section Behenantha, and recessed in all other Behenantha members. It was observed that the seed surface was flat in S. euxina and flat/concavo-convex in other Dichotomae members. Seed surface granulation was fine-medium in S. euxina in the section Dichotomae, medium in S. heldreichii, and coarse in all of the remaining taxa. Seed color was black-brown. Silene dichotoma subsp. dichotoma had the longest testa cell (291.55 µm), while S. cariensis subsp. cariensis had the shortest testa cell (166.64 µm). It was found that S. cariensis subsp. muglae had the longest testa suture (34.2 µm), while S. tenuiflora had the shortest testa suture length (0.1 µm). Silene cariensis subsp. muglae was found to have the largest testa suture width (71.25 µm), while S. tenuiflora was found to have the narrowest testa suture width (0.2 µm). Between seed plate was serrate-stellate in S. euxina, which is a member of Dichotomae, and serrate-sinuous in all other Dichotomae members. Silene koycegizensis can be easily distinguished in the section Behenantha with its long, conical seed tubercles. Silene euxina (Rupr.) Hand.-Mazz. can be significantly distinguished in the section Dichotomae, with its round/obtuse angled conical seed tubercle shape.
Pollen
Although some pollen grains of the analyzed taxa show differences, they have a similar general image and similar numerical values (Figures 3 and 4) . All of the pollen grains were periporate and spheroidal. Silene koycegizensis in the section Behenantha had a semitectate structure, while all the other taxa, including the section Dichatomae, had a tectate structure. Silene koycegizensis in the section Behenantha had semireticulate ornamentation, S. euxina in the section Dichotomae had spinulate ornamentation, while other taxa had a spinulate-microperforate (punctate) structure. Spirulina on the exine surface of all ten taxa generally have an irregular sequence. It was found that S. dichotoma subsp. racemosa (Otth) Graebn. had the lowest number of pores (14), and S. heldreichii Boiss. and S. cariensis subsp. muglae had the highest number of pores (30) ( Table 3 ). Mean pollen diameter was lowest in S. cretica (28.8 µm) and highest in S. heldreichii (57.2 µm). Silene cariensis subsp. muglae had the lowest mean exine thickness (1.53 µm), while S. dichotoma subsp. dichotoma had the highest exine thickness (2.46 µm). Silene dichotoma subsp. dichotoma had the smallest mean pore diameter (3.8 µm), while S. dichotoma subsp. racemosa had the greatest mean pore diameter (7.86 µm). Mean distance between the pores was lowest in S. cretica (4.06 µm) and highest in S. dichotoma subsp. racemosa (8.13 µm). Silene behen had the smallest mean operculum number (6), while S. dichotoma subsp. dichotoma had the highest mean operculum number (42) ( Table 3 ; Figures 3 and 4) .
Statistical analyses
Based on the results of ANOVA, it was concluded that there were significant differences between the taxa (P < 0.05), either for seed or pollen features (Table 4) .
Discussion
Seed morphological studies are often done to distinguish the taxonomy of genus and species. These studies were used by Fedatova and Artzhanova (1992) , Kovtonyuk (1994) , Çırpıcı (1992, 1998) , Melzheimer (1977) , Yıldız (2002 Yıldız ( , 2006 , and Dadandı and Yıldız (2015) for systematic evaluation of taxa.
A comparison of seed morphology of S. behen and S. dichotoma subsp. racemosa in a study by Yıldız and Çırpıcı (1998) found no significant difference in seed micromorphology.
Yıldız (2006) separately studied and compared the seed micromorphology of S. behen from Western Anatolia and Northern Cyprus specimens. The study showed partial differences between the two specimens in terms of seed surface types, the number of suture points per plate, and testa cell lengths. A comparison of the present study with Yıldız (2006) showed partial differences in terms of seed length, seed tubercle form, seed surface type, the number of suture points per plate, and between testa cells characteristics. It is normal for some variations to occur among same species individuals that grow in different localities (Kocataş, 1999) .
A comparison of our study with another study that investigated the seed characteristics of S. tenuiflora (Yıldız, 2006) showed significant similarities. The Silene tenuiflora specimen used in the comparison was collected from C1 Muğla in rocky areas at an elevation of 300-400 m. Our specimen was collected from C2 Antalya at an elevation of 1150 m at a streamside. Similarly, a previously analyzed S. dichotoma subsp. racemosa specimen was collected from A4 Bolu, at an elevation of 1200 m, while our specimen was collected from B1 Aydın, at an elevation of 500 m. On (b, d, f, h, j, l, n, p, r, u: surface view; a, c, e, g, i, k, m, o, r, t: optical section) .
the other hand, S. behen was collected from Cyprus and B1 İzmir, in bushy areas, at an elevation of 250-300 m, while our specimen was collected from B1 Manisa, in rocky areas, at an elevation of 1200-1500 m. One of the most important reasons for the significant differences between the specimens was that they grew in different localities under different ecological conditions (Kocataş, 1999) . (a, c, e, g, ı, k, m, o, r, t: general view; b, d, f, h, j, l, n, p, s, u: ornamentation) . Pollen characters are one of the most frequently used characters in taxonomic studies. The presence of different structures and ornamentation (echinae, spinule, baculum, gemma, etc.) on the exine surface is considered to be advanced, while uninterrupted exine is considered to be a primitive characteristic (Takhtajan, 1980; Walker, 1974a Walker, , 1974b . In addition, pollen grains with a low number of pores are considered to be more primitive than those with a high number of pores (Van Campo, 1966) . These pollen characteristics have been used in taxonomic studies of many families and genera (Yıldız, 2001; Huysmans et al., 2003; Celenk et al., 2008; Sahreen et al., 2008; Pınar et al., 2009; Yıldız et al., 2010) .
In a study by Yıldız (2001) , the mean pollen diameter of S. dichotoma subsp. racemosa was reported as 41.46 µm. However, in our study, mean pollen diameter was 52.16 µm. There was no significant difference in other pollen characteristics (Table 4) . In another study, Yıldız (2006) found no significant difference in the pollen micromorphologies of S. behen specimens from Northern Cyprus and Western Anatolia apart from the number of pores. Yıldız (2006) reported that the number of pores varied between 13 and 21 in the specimens from Cyprus and Turkey. In our study, the number of pores was between 20 and 26. Similar findings are found in almost all pollen characteristics in different studies. However, significant differences in the number of pores suggest that there may be certain variations among the species (Table 4) .
A general palynological analysis of the investigated taxa shows that S. euxina in the section Dichotomae had spinulate ornamentation, while S. dichotoma subsp. dichotoma, S. dichotoma subsp. racemosa, and S. heldreichii had spinulate-microperforate ornamentation characteristics (punctate). Silene heldreichii in the section Dichotomae and S. cariensis subsp. muglae in the section Behenantha had the highest mean number of pores (24-30 each), indicating a possibility that these were the most developed taxa.
An analysis of taxa in terms of seed and pollen characteristics showed that there were differences between S. cariensis subsp. cariensis and S. cariensis subsp. muglae in the section Behenantha in terms of seed characteristics (tubercle shape, seed surface type, testa cell width/length, number of suture points per plate, testa suture width/ [14] [15] [16] [17] [18] [19] [20] .
Silene euxina had a pore number of 22-24. In particular, the pollen grains of S. euxina are different from those of other subspecies with their spinulate form. These subspecies are distinguished from S. euxina, especially with regard to their flat/concave seed back, rounded/obtuse tubercle shape, medium-fine granulation, and serrate/stellate testa suture outline of S. euxina. Pollen and seed analysis showed that S. euxina, which was previously considered a subspecies of S. dichotoma (Coode and Cullen, 1967) and then identified as a separate Silene species in a recent study (Yıldız, 2012) , has a separate species characteristic (Tables 2-4 ; Figures 1-4) . Silene cretica and S. tenuiflora in the section Behenantha resemble each other morphologically and are difficult to distinguish. Analysis of these two taxa reveals that they show similar pollen characteristics. However, seed analysis of these taxa showed a difference in the general shape of the seeds. Silene cretica had a conical seed tubercle shape, while S. tenuiflora had an obtuse-rounded seed shape. Silene cretica had a flat/convex seed back, while S. tenuiflora had a flat/concave seed back. Seed surface shape was flat/ convex in S. cretica and flat in S. tenuiflora. Testa suture was 19.25-7.15 × 11-8.25 µm in S. cretica and 0.3-0.1 × 1.15-0.2 µm in S. tenuiflora. Testa cell was 200.1-80. 04 × 146.74-46.7 µm in S. cretica and 242.25-54.15 × 42.75-14 .25 µm in S. tenuiflora. In addition, testa suture outline was sharply serrate in S. cretica and sinuous in S. tenuiflora (Table 2) .
Consequently, based on pollen and seed characteristics, S. euxina is a separate species and not a subspecies of S. dichotoma. According to this study, Silene koycegizensis and S. cariensis subsp. muglae are separate taxa. In addition, it was found that S. cretica and S. tenuiflora are two separate species distinguished clearly from each other in terms of seed morphological characteristics.
